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Foreword

There is global consensus that current climate is changing and it is for real. Agricul-
ture is one sector of the economy that is exposed directly and considerably affected
by climate change and climate variability. Rural communities are struggling with
the realities, together with declining farm productivity and rising cost of cultivation
associated with depleting and degrading natural resources. Climate resilient agricul-
ture therefore requires a major shift in the way land and water are managed to ensure
that these resources are used more efficiently.

Conservation agriculture (CA) is a farming system approach that promotes min-
imum soil disturbance (some people loosely call it as ‘no' tillage) together with
maintenance of a permanent soil cover, and diversification of plant species rein-
forcing ecosystem services through a number of interrelated pathways. The pro-
duction of food in CA reinforces the ecosystem services through nutrient recy-
cling, soil formation habitat derived from crop rotation, minimum soil disturbance
together with plant residue retention, have also the minimal impact on climate
change. Despite some challenges associated with CA, if implemented judiciously,
CA could ensure current food security and nutrition for all without compromising
the economic, social, and environmental bases for future generations. There is a
need to sensitize the resource poor farmers/stakeholders about CA through inno-
vative participatory approaches.

This book entitled "Conservation Agriculture and Climate Change: Impacts and
Adaptations" will provide a comprehensive understanding of the subject with
topics related to climate change mitigation strategies, approaches and impact of
conservation agriculture on natural resource management. I hope this book will
be useful to researchers, teachers and students to understand CA as climate smart
agricultural practice for sustainable agriculture in present day scenario.

I congratulate Dr. Ritesh Saha, Principal Scientist (ICAR-CRIJAF) and other Ed-
itors for publishing this book in academic spirit.
Len -

/

Dated the 22nd April, 2021 (H.S. Sen)
Kolkata






Preface

Conventional tillage and burning crop residues has degraded the soil resource base
and intensified soil degradation with concomitant decrease in crop production
capacity. The emerging issue of global warming coupled with green house gases
emissions has further aggravated the scenario. Conservation agriculture (CA)
helps in reducing many negative effects of conventional agriculture such as soil
erosion, soil organic matter (SOM) decline, water loss, soil physical degradation,
and fuel use. CA helps to improve biodiversity in the natural and agro-ecosystems.
Complemented by other good agricultural practices (GAPs) including the use of
quality seeds, integrated pest, nutrient and water management etc., CA provides
a base for sustainable intensification of the agricultural production system.
Moreover, the yield levels in CA systems are comparable and even higher than
traditional intensive tillage systems with substantially less production costs.

The conservation agriculture (CA) practiced over an estimated 100 M ha area
worldwide and across a variety of climatic, soil and geographic zones, has proved
to be energy and input efficient, besides addressing the emerging environment and
soil health problems. The CA technologies involving no- or minimum tillage with
direct seeding and bed planting, residue management (mainly residue retention)
and crop diversification have potential for improving productivity and soil quality,
mainly by soil organic matter (SOM) build-up. This bring many possible benefits
including reduced water and energy use (fossil fuels and electricity), reduced
greenhouse gas (GHG) emissions, soil erosion and degradation of the natural
resource base, increased yields and farm incomes, and reduced labor shortages.

We place on record our sincere thanks to all the authors for their support and
contribution. We wish to express our deep sense of gratitude to Dr. T. Mahapatra,
DG (ICAR) and Secretary (DARE) for his constant encouragement to us. We
profusely thank Education Division, Indian Council of Agricultural Research, New
Delhi for sponsoring the Short Course training on “Recent advances in Resource
Conservation Technologies (RCTs) under Aberrant climate Change Scenario”.
We are also thankful to M/s New India Publishing Agency, New Delhi for their
support in compilation, designing and publishing the book.

We do hope, this book will be of immense use to researchers, scientists, students
and policy makers for efficient and sustainable management of natural resources
under climate change scenario.

Dated the 15" April, 2021 Editors
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Introduction

Intensive soil tillage, burning of crop residues and over use of fertilizer and
irrigation water under current agricultural practices has accelerated the pace of
degradation in Indian agriculture. Intensive soil tillage increases soil erosion and
nutrient runoff into nearby waterways. Crop residue burning resulting in loss
of plant nutrients and release of greenhouse gases (GHGs) in the atmosphere.
Imbalanced use of chemical fertilizer leads to soil compaction, slows down the
fertilizer utilization rate and contaminates the local environment. Increasing
demand of irrigation water causes water shortage and harms the environment
in several ways including increased salinity, nutrient pollution, and the
degradation of flood plains and wetlands. In the face of these management
and environmental challenges, there is a need to formulate such agricultural
practices which improve the productivity of natural resources as well as of
external inputs and help to prevent soil degradation. Conservation agriculture
(CA) practices such as reduced tillage, residue retention and proper crop
rotations offer such solutions. CA also helps in making agricultural systems
more resilient to climate change and safeguard ecosystem services.

Five key farming strategies that are proven to be effective in increasing crop
production while lowering carbon footprint are as follows:

(1) use of reduced tillage in combination with crop residue retention and
decomposition to increase soil organic carbon;

(ii) reduction in use of inorganic fertilizer and improvement of nitrogen (N)
fertilizer use efficiency including N.- fixing pulses in rotations to lower
the carbon footprints of field crops as N fertilizer contribute about 35 to
50% of the total emissions;
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(i) use of diversified cropping systems and adopting intensified rotation
with reduced summer fallow for lowering the carbon footprint by as
much as 150 %;

(iv) integration of key cropping practices which can increase crop yield (15 to
60 %), reduce emissions (25 to 50 %), and lower the carbon footprint of
cereal crops (25 to 35 %), and

(v) enhancing soil carbon sequestration as the emissions from crop inputs can
be partly offset by carbon conversion from atmospheric CO, into plant
biomass and ultimately sequestered into the soil.

With the adoption of these improved conservation agriculture technology, one
can optimize the system performance while reducing the carbon footprint of
crop cultivation.

Carbon Footprints from Farm Inputs and Farm Operations

Carbon footprint is a measure of the total emission of greenhouse gases in
carbon equivalents (CO,- Carbon dioxide, CH,- methane and N, O- nitrous
oxide) from a product across its life cycle from the production of raw material
used in its manufacture, to disposal of the finished product (Carbon Trust,
2007). The magnitude of decline or enhancement of carbon due to continuous
cultivation depends on the balance between the loss of carbon by oxidative
forces and the quantity and quality of crop. The loss of carbon is maximum
in tropical and subtropical regions because of high atmospheric temperature
(Jenny and Raychaudhuri, 1960). Scientific evidence suggests that 50 to 66
per cent of the cumulative historic carbon loss from soil can be recovered if
managed intelligently (Lal, 2004; Velayutham et al., 2000).

GHG emissions from field crop production are mostly derived from (1) crop
residue decomposition; (2) inorganic fertilizers applied to the crop; (3) various
farming operations such as tillage operations, fossil fuels for running of
tractors, electricity for running of water pumps, spraying pesticides, planting
and harvesting the crop; (4) soil carbon gains or losses from various cropping
systems; and (5) emissions of N,O from summer fallow areas. Below are more
detailed descriptions for the major emission contributing factors (Fig. 1).
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Fig. 1: Greenhouse gas emission during crop production

GHG emission represent per unit of the land used in crop production, per unit
weight of the produced yield and per unit of the energy input or output (Soltani
et al., 2013). The amount of CO, produced is calculated by multiplying the
input application rate per hectare (e.g. labour, diesel fuels, chemical fertilizers,
herbicides and pesticides) by its corresponding coefficient as given in Table 1.

Table 1: Greenhouse gas (GHG) emission coefficient of inputs

Input Unit | GHG Coefficient | Data Source/ Reference
(kg CO, eq ha')

Mouldboard ploughing MJ 15.2 Singh et al. (1999)

Field Cultivation MJ 4.0 Pathak and Wassmann (2007)

Seed sowing MJ 3.20 Pathak and Wassmann (2007)

Machinery MJ 0.071 Dyer and Desjardins (2006)

Diesel fuel L 2.76 Dyer and Desjardins (2003)

Manure kg 0.0032 Pathak and Wassmann (2007)

Nitrogen (N) fertilizer kg 1.30 Lal (2004a); Pathak and
Wassmann, (2007)

Phosphorus (P,0,) fertilizer | kg 0.20 Lal (2004a); Pathak and
Wassmann, (2007)

Potassium (K,O) fertilizer kg 0.20 Lal (2004a); Pathak and
Wassmann, (2007)

Herbicide kg 6.30 Lal (2004a); Pathak and
Wassmann, (2007)

Insecticide kg 5.10 Lal (2004a); Pathak and
Wassmann, (2007)

Fungicide kg 3.90 Lal (2004a); Pathak and
Wassmann, (2007)

Water for irrigation mm 0.05 Pathak and Wassmann, (2007)

Harvesting MJ 10 Pathak and Wassmann, (2007)

Retting tonne 434 Banik et al. (1993)

Source: Singh et al. (2018)
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Synthesis of the research data as published by Lal (2004a) shows that estimate
of GHG emissions (kg CO,-eq/ha) for different fertilizer nutrients are 0.9-1.8
forN, 0.1-0.3 for P,O,, 0.1-0.2 for K, 0, 0.03-0.23 for lime, 6.3 for herbicides,
5.1 for insecticides and 3.9 for fungicides. Similarly, estimates of C emissions
are 1-1.4 for spraying chemicals, 2—4 for seed sowing and 6—12 for harvesting.
Irrigation, lifting water from deep wells and using sprinkling systems, emits
129 kg CO,-eq for applying 25 cm of water and 258 kg CO,-eq for 50 cm
of water. Emission for different tillage methods are 35.3 kg CO,-eq/ha for
conventional tillage, 7.9 kg CO,-eq/ha for minimum tillage, and 5.8 kg CO,-
eq/ha for no-tillage method. A careful assessment is needed to reduce their use,

and to enhance use efficiency of these practices.
Farm Practices Reducing Carbon Footprint

Managing tillage practices

A soil disturbance due to tillage is the dominant factor reducing soil carbon
stabilization within micro-aggregates in the soil. Carbon emissions depend on
numerous factors like soil properties, tractor size, implement used, depth of
tillage and quantity of fuel used. The fuel requirement increases with increase
in depth of ploughing, tractor speed and type of equipment used for ploughing.
The direct fuel consumption is more for heavy than light textured soils (Collins
et al., 1976). As per study (Lal, 2004a), the average C emission is about 15.2
kg CO,-eq/ha for mouldboard ploughing, 11.3 kg CO,-eq/ha for sub-soiling,
8.3 kg CO,-eqg/ha for heavy disking, 7.9 kg CO,-eq/ha for chiselling, 5.8 kg
CO,-eq/ha for standard disking, 4.0 kg CO_-eq/ha for cultivator and 2.0 kg
CO,-eq/ha for rotary hoeing. Therefore, conversion of conventional tillage
(based on mouldboard ploughing) to reduced tillage (disking or chisel till)
can lead to drastic reductions in C emissions. Carbon emission in complete
tillage (involving ploughing, two disking, field cultivator and rotary hoeing)
is 35.3 kg CO,-eg/ha that can be reduced to 20.1 kg CO,-eg/ha by elimination
of mouldboard ploughing, and merely 7.9 kg CO,-eg/ha if follow seeding
after chiselling. Reduced tillage in combination with additional carbon input
from cover crops can significantly improve the soil organic carbon content
(Garcia-Franco et al., 2015; Pinheiro et al., 2015). Tillage may influence soil
carbon and microbial biomass, but may not necessarily increase soil available
nutrients or crop yields (Campbell et al., 2011).

Crop residues retention and decomposition

Crop residues are normally left on the soil surface or are incorporated into
the soil after a field crop is harvested. The crop residues serve as an important
C and N source in the soil, contributing directly and indirectly CO, and N,O
emissions (Forster et al., 2007). The amount of CO, and N,O emission from
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the decomposition of the straw, stubble, leaves and roots depends on the net
productivity of the crop. In a study (Singh et al., 2019), the C-input addition
through mixing of root-stubble and leaves, under jute-rice-wheat crop cycle
helped in doubling the C-input (5.65 t ha!). Jute plant contributed maximum
C inputs (3.80 t ha') through retention of root-stubbles and its shredded leaves
(Table 2). These large amounts of required C-input to maintain soil organic
carbon resulted from net primary production from original biomass production.
In the production of economic crops, the carbon footprint can be reduced by
effective management of straw, stubble, leaves and roots.

Table 2: Carbon derived from crop residues.

Crop C-Input addition (t ha'')

Root + stubbles Other residue (leaves) All residues
Jute 0.97 2.85 3.80
Rice 0.94 - 0.94
Wheat 0.89 - 0.89
Total 2.80 2.85 5.65

Source: Singh et al. (2019)

Field experiments on a rice—wheat cropping system in India showed that
incorporation of crop residues as compared to burning or removal increased
organic carbon contents (Table 3). Soil texture and soil pH play an important
role in decomposition of crop residue. Decomposition is more rapid in soils
with less clay content. As clay content increases, soil surface area also increases
which results in increased organic C stabilization potential (Ladd ef al., 1996).
In general, decomposition of crop residues proceeds more rapidly in neutral
pH soil than in acidic soils. Application of lime in acid soils enhances the
decomposition of plant residues (Condron et al., 1993). Alkaline and saline
soil also decreased the decomposition of plant residues (Nelson et al., 1996).

Table 3: Effect of crop residue management on organic carbon in soil

Cropping Type of crop Soil Organic C | Reference

system residues (%)

Rice-wheat | Rice and wheat Clay loam 0.86 Dhiman et al. (2000)
straw Silty clay loam 1.24 Verma and Bhagat (1992)

Sandy loam 0.50 Singh et al. (2005)

Rice-mustard | Rice and mustard | Sandy clay loam 0.61 Kumar et al. (2000)
straw

Rice-rice Rice straw Clayey 1.90 IRRI (1986)

Fertilizing crops based on soil tests and including N ,- fixing pulses

More fertilizer doesn’t always mean a higher crop production, if there isn’t the
right mix of nutrients, water and soil health conditions. Soil Health Card (SHC)
assessment provide soil nutrient status of each farm and advise corrective
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dosage of major fertilizers, micronutrient and soil amendments to maintain
soil health and obtain a better yield (Singh et al., 2020). Imbalanced use of N,
P and K leads to the loss of fertility of the soil over a period of time, which
affects efficiency of fertilizer use and crop productivity (Rahman et al., 2012).
The problem is more severe in intensively cropped regions where farmers
use excessive nitrogen fertilizer to attain yield levels harvested earlier with
less fertilizer (Dwivedi, 2017). Excessive use of fertilizer can also harm the
environment and human health through emissions of GHG (CH,, N,O, CO,)
and eutrophication caused by the deposits of nitrate and phosphorus in water
resources (Bumb and Baanante, 1996). Hence, overall impact and mitigation
potential of fertilizer management with regard to GHG emission is important
(Singh et al., 2018).

Nitrogen fertilizer is the main contributor to greenhouse gas (GHG) emissions
especially in cereal production. The average 100% carbon footprint using N
fertilizer is up to 3.0 kg CO,-eq per kg of N (FE, 2014). Increased use of
N fertilizer application to the crops increases the total GHG emission. The
carbon footprint is a linear function of the rate of N fertilizer applied to the
crops, and slope of the linear regression varied with crop species and amount
of N fertilizer applied. The decreased use of N fertilization lowers the carbon
footprint accordingly. Optimizing N-fertilizer efficiency is key to reduce the
GHG emission significantly, depending on soil and weather conditions. A good
soil structure increases N-use efficiency and reduces N,O losses.

Carbon footpring
(kg CO,eq.kg" of grain)

1.6
1.4
1.2
1.0
0.8
0.6

| I
1
04 N !
= £d
il o
0.0 Canola 'Mustard ' Flax seed - Chickpea V Dry pea ' Lentil ' Wheat

Preceding crop

Fig. 2: The carbon footprint in wheat after cultivation of different preceding pulse and non-
pulse crop in the crop rotation

Source: Gan et al.  (2011)
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Inclusion of N -fixing pulse crops in a crop rotation can significantly
decrease GHG emissions and the carbon footprint of the crop grown in the
subsequent year (Fig. 2). Symbiotic N, fixation by the leguminous crop from
the atmosphere significantly decreases the use of synthetic N fertilizer, thus
lowering the carbon footprint (Gan ef al., 2011).

Enhancing water productivity

In the agricultural production systems, maximum energy is utilized in tillage
and irrigation management. Efficient water management is one of the potential
options for saving and utilizing energy for productive purposes (Choudhary et
al.,2017). Increasing use of groundwater for irrigation is linked to high energy
demand, depleting resources and resulting in a high carbon footprint. Overall
water application efficiency for different crops in India is in the range 0of 40-60%
(Grant Thornton, 2016). More than 50% of irrigation water remains unused
by the crop and returns to the hydrologic system, either as deep percolation
or non-productive evaporation. Hence, reducing water delivery to farms and
increasing water use efficiency are important to reduce energy consumption
and improving water productivity. Using improved on-farm practices help
in reducing the need of irrigation water which in turn results in decreased
energy consumption and carbon footprint. Adopting the improved schedule at
65 to 75% efficiency, close to irrigation efficiency in the farm will reduce the
irrigation water demand and thereby carbon footprint up to 30% (Karimi et al.,
2012). Conservation agriculture along with some water saving technological
interventions like alternate raised and sunken bed technique in low lands,
system of rice intensification (SRI) technique of rice cultivation and mulching
etc. can be adopted to increase crop yield, to reduce evapo-transpiration and
water footprints (Kar ez al., 2014). Crop residue retention help in reducing
the water requirement by conserving soil moisture through a reduction in
evaporation loss and improvement in the water-holding capacity (Gathala et
al., 2013). Higher water productivity (33-56%) under conservation agriculture
(zero tillage + crop residues) was observed in cereal based cropping system
(Jat et al., 2020) in the North West Indo-Gangetic Plain of India due to better
grain yields with less water usage. Planting of crop on ridges, straw mulching
and micro irrigation (sprinklers and drips) can also help in reducing water
use, and thereby carbon footprint. Rotational irrigation is often recommended
to irrigate a large area with a limited water supply which also ensures more
effective use of rainfall.

Diversification of crop rotations

Crop diversification has been considered a key agriculture practice for
improving agro-ecosystem productivity and lowering the carbon footprint
(Gan et al., 2015). Crop diversification help in controlling weeds (Harker
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et al., 2009), suppressing plant diseases (Kutcher et al., 2013), and thereby
increase production sustainability (Mhango et al., 2013). Researchers found
that the total emissions per unit of land varied significantly among the various
cropping systems. Average GHG emission and the carbon footprint of biomass
based cropping system were found maximum in cereal based cropping system
(Table 4). Incorporation of pulse crops in the crop rotation helped in reducing
the total GHG and carbon footprint.

Table 4: GHG emission and carbon foot print in biomass based crop rotation

Cropping system Total emission Carbon foot print (kg
(kg CO, eq kg yr") COeq kg! yr!
Wheat-maize 11800 0.85
Groundnut-wheat-maize 8532 0.76
Mustard-cotton-groundnut-wheat-maize 8324 0.68

Source: Yang et al. (2014)

In designing a diverse cropping system, there is need to examine the overall
greenhouse gas emissions and the footprint of individual crop. Crops requiring
low production inputs and those with a high yield of straw and roots for
incorporation into the soil as carbon are keys to reducing the overall footprint
of the system. Pathak er al. (2011) reported carbon sequestration potential
of field crops under various cropping system (Table 5). The carbon build-up
rate was maximum under jute-rice-wheat and maize-soybean-wheat cropping
system.

Table 5: Potential of carbon sequestration of field crops under various crop rotation

Cropping system C sequestration potential t C eq ha! | Reference
Jute-rice-wheat 1.45-3.33 Manna et al. (2005)
Maize-soybean-wheat 0.43 -3.82 Hati et al. (2007)
Rice-wheat 0.41-1.87 Yadav et al. (2000)
Soybean-wheat 0.40 - 1.67 Behera et al. (2007)

Source: Pathak et al. (2011)

Intensifying crop rotations with less summer fallow frequencies

In arid and semiarid regions, the productivity of agroecosystems is often
constrained by a low availability of water and nutrients (Rasouli ef al., 2014).
One of the approaches employed to tackle these challenges is using summer
fallow where the land is left unplanted for one growing season. During
summer fallow, a proportion of the rainfall is conserved in the soil profile
(Tanwar et al., 2014), which is then available for crops grown the following
year (Sun et al., 2013). Additionally, summer fallowing encourages the release
of N through the N mineralization of soil organic matter (Campbell et al.,
2008), thus increasing soil N availability and helping to reduce the amount
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of inorganic N fertilizer used in cropping (Koutika et al., 2004). However, a
number of studies have shown that the frequency of summer fallow in a crop
rotation has a significant impact on the carbon footprint of the rotation (O’Dea
et al., 2013; Schillinger and Young, 2014). Crop intensification with reduced
frequency of summer fallow in a rotation can increase crop production while
reducing the carbon footprint. More intensified crop rotation systems with
reduced frequency of summer fallow in the rotation can reduce the carbon
footprint by as much as 250% (Liu et al., 2016). Replacement of summer
fallow with a forage or grain legume are more helpful in reducing the carbon
footprint in addition to double farming profits compared with the system with
a high frequency of summer fallow.

Integrating key cropping practices

Integrated cropping systems coupled with the adoption of best agronomic
practices such as early sowing, optimum plant establishment methods (e.g.
SRI in rice), use of recommended amount of fertilizer at right time using soil
health card, and proper crop sequencing can increase crop productivity without
increasing production inputs or GHG emissions. (Kirkegaard et al., 2008;
Miller et al., 2003; Singh et al., 2000). The carbon footprint of individual crop
species is highly associated with crop biomass and the N concentration of
plant parts like leaves, straw, stubbles, and roots. Integration of agronomical
practices can significantly improve the net productivity of crops by improving
the water and nitrogen use efficiencies. The increased net productivity
in integrated cropping systems over monoculture systems is due to the
improved diversity of the microbial populations and the function of microbial
communities in the soil (Yang et al., 2013; Cruz et al., 2012). Leguminous-
based cropping systems reduce the loss of soil organic carbon and nitrogen as
compared to only cereal-based cropping systems (Gan et al., 2014). A system
that includes leguminous crop in the rotation has the lowest carbon footprint,
regardless of the geographical locations (Fig. 3). Many studies across the
world demonstrate that use of integrated agronomical practices can increase
the system productivity by 15 to 50 %, reduce the carbon emissions associated
with the crop inputs by 25 to 50 %, and lower the carbon footprint of cereal
crops by 25 to 35 % (Berry et al., 2008; Elsgaard et al., 2013; Syp et al., 2012;
Brock et al., 2012; Gan et al., 2011).
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Fig. 3: Soil and crop management practices associated with carbon sequestration
Source: Gan et al. (2014)

Enhancing Soil Carbon Sequestration

The Intergovernmental Panel on Climate Change has identified one of the
most important options for greenhouse gas mitigation is the sequestration
of carbon into soils (IPCC, 2006). Several studies demonstrate that soil
carbon sequestration plays a key role in reducing the carbon footprint of crop
cultivation, because a per unit farmland GHG emission represents the balance
between CO,-eq emissions and carbon sequestration during the cultivation
of crops per year. Modern soil and crop management practices have resulted
in loss of SOC. Main agronomic practices for SOC loss are improper tillage
operations, minimum crop rotations and residues management, imbalanced
soil fertilization, and less use of organic compost or FYM. Hence, suitable
crop and land management practices can be used to increase the amount of
organic matter in the soil and thereby improve soil carbon sequestration,
and mitigate GHG emissions to the atmosphere. About 1400 Pg of SOC is
stored in surface soil (1 m depth), while 450 Pg SOC is stored above ground
vegetation and dead organic matter. Increase in cropping intensity and
reducing the frequency of fallow period in the crop rotation is an effective
approach to improve biomass production and it also decreases organic matter
decomposition rate and mineralization/oxidation of SOC (Dumanski et al.,
1998). GHG emissions associated with the crop production inputs can be offset
by greater carbon conversion from atmospheric CO, into plant biomass and
ultimately sequestered into the soil (Sainju ef al., 2010; Pinheiro et al., 2015,
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Hu et al., 2015). Inclusion of intercropping in the crop rotation with reduced
tillage coupled with stubble mulching can effectively lower carbon emissions
and increase soil carbon sequestration within the small macro-aggregates
and micro-aggregates of surface soil (Garcia-Franco et al., 2015). Growing
legumes as intercrop can substantially reduce the chemical N fertilizers
application. Mixed cropping is also an effective approach in the intercropping
system to balance the input and output of soil nutrients, suppress weeds and
insects, control plant disease, and to increase the overall productivity with
limited resources (Hirst 2009). Appropriate land/soil management programs
are required to optimize carbon conversion from the atmosphere while
minimizing carbon loss in the production of crops. Management of soil health
friendly farming systems, minimization of soil and water loss by surface runoff
and erosion, adoption of INM and organic amendment are found helpful in
CO, sequestration (Singh and Lal, 2005). Reported data of C sequestration
associated under soil and crop management practices are presented in Table 6.

Table 6: Soil and crop management practices associated with carbon sequestration

Management practice Carbon sequestration
(*MMT C yr')
Crop rotation and cover crops 5.1-153
Crop residue management 11-67
Fertilizer management 6—18
Livestock manure (FYM) 3.6-9.0
Supplemental irrigation 1.0-3.2
Conservation tillage 17.8 -35.7
Fallow reduction 14-27
*MMTC: Million metric tons of carbon

Source: Follett (2001)

Conclusion

Crop production practices which leads to less carbon emission are more
desirable for sustainability and environmental safety from any production
system. The transition to low-carbon agriculture requires identification of
appropriate systems and management practices based on the farm resources
available. Diversification of cropping systems, adoption of leguminous
based crop rotation with reduced summer fallow, use of reduced tillage
in combination with crop residue retention, improvement of nitrogen use
efficiency, and enhancement of carbon sequestration into the soil together
enhances agronomic productivity per unit consumption of C-based input.
Adopting such holistic approach which decreases losses of crop, soil and water
resources are important strategy to reduce the carbon footprint.
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CONSERVATION
AGRICULTURE AND
CLIMATE CHANGE

IMPACTS AND ADAPTATIONS

Conventional tillage and burning crop residues has degraded the soil resource base and
intensified soil degradation with concomitant decrease in crop production capacity. The
emerging issue of global warming coupled with greenhouse gases emissions has further
aggravated the scenario. Conservation agriculture (CA) helps in reducing many negative
effects of conventional agriculture such as soil erosion, soil organic matter (SOM) decline,
water loss, soil physical degradation, and fuel use. CA helps to improve biodiversity in the
natural and agro-ecosystems. Complemented by other good agricultural practices (GAPs)
including the use of quality seeds, integrated pest, nutrient and water management etc., CA
provides a base for sustainable intensification of the agricultural production system.
Moreover, the yield levels in CA systems are comparable and even higher than traditional
intensive tillage systems with substantially less production costs.

The conservation agriculture (CA) practiced over an estimated 100 M ha area worldwide and
across a variety of climatic, soil and geographic zones, has proved to be energy and input
efficient, besides addressing the emerging environment and soil health problems. The CA
technologies involving no- or minimum tillage with direct seeding and bed planting, residue
management (mainly residue retention) and crop diversification have potential for improving
productivity and soil quality, mainly by soil organic matter (SOM) build-up.

This bring many possible benefits including reduced water and energy use(fossil fuels and
electricity), reduced greenhouse gas (GHG) emissions, soilerosion and degradation of the
natural resource base, increased yields and farm incomes, and reduced labour shortages.

This book entitled "Conservation Agriculture and Climate Change: Impacts and Adaptations"
will provide comprehensive understanding of the subject with topics related to climate change
mitigation strategies, approaches and impact of conservation agriculture on natural resource
management
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